Introduction
A combination of a navigated robotic assistance system and a compact zoom-optic with high-resolution HDTV camera has been set up in a collaborative research project of the University of Siegen, the University Hospital of Tübingen and the German endoscope manufacturer HSW. This integral system provides an alternative for a conventional surgical microscope.
Methods
The navigated robot assistance system developed in Siegen combines a navigation system and an active industrial robot arm equipped with a custom control system. Once a short calibration procedure has been executed the robot is fully integrated into the environment of the navigation system. The approach further allows direct integration of sensor data, e.g. of a navigation system or of a force-torque sensor, into the position control loop of the robot. The robot can either be used as an active system to position the optical system at poses which have been planned based on pre-operative image data, or it is used in a passive operation mode where the surgeon manually guides the robot.
Results
A fully operational prototype has been set up to validate the system functionality. The passive mode of the system offers an intuitive human interface to guide the robot arm like a conventional microscope. Additional features are provided by constraining the robot motion. Thus the optical system can be moved exactly on its optical axis or pivoted around the focus point in order to view the target structure from different directions. In active mode the zoom-optic is automatically moved to pre-planned positions. An additional feature of the system allows the superimposition of preoperative images by augmented reality techniques.
Conclusion
The combination of active and passive operating modes facilitates a very flexible, user-friendly positioning of the zoom-optic. Due to its compact dimensions the system in addition offers better ergonomic working conditions than a conventional microscope.
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